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Abstract 
Low density polyethylene (LDPE) is widely used for food packaging especially for the agro-food products. Ethylene vinyl 
acetate (EVA) was blended with LDPE to reduce the volatization of essential oils. Essential oils (EOs) including clove leaf oil 
(CL), sweet basil oil (SB), and cinnamon bark oil (CB) were incorporated in blended films to conduct the study of antimicrobial 
activity. SEM and DSC were used to study the effect of EVA contents on blend films. The immiscible phase was found 
throughout the film of these blended polymers. The significance of EOs types and concentrations was implemented in order that 
residual concentration, antimicrobial activity, and time induced behavior on food packaging could be studied. Among three EOs, 
CB showed the most efficiency in term of antimicrobial activity regardless of its relatively lower retention. Ability of 
microorganism growth inhibition could be explained by the lipophilicity of the constituents of EOs. Additionally, using the 
modified films as for food packaging could be rationally appropriated. The sliced tomatoes packed in the films incorporated with 
any kind of EOs would be able to noticeably withstand the microorganisms’ growth. Therefore, the modified films with EOs 
have undoubtedly better future as packaging use for food and agricultural products.   
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1. Introduction 
At the present time most packaging materials are thermoplastic based on olefin polymers, for example, high 
density polyethylene, low density polyethylene, polypropylene, and linear low-density polyethylene. They tended to 
be superior to other kinds of materials because of their low cost, durability, light weight, and high corrosion 
resistance [1,2]. Low density polyethylene (LDPE) is one of the most suitable materials applicable for agro-food 
product because of its high flexibility and toughness. However, one of its major drawbacks of LDPE used in food 
packaging is lack of antimicrobial property. There had been many attempts to improve this property by the addition 
of various antimicrobial agents such as organic acid, inorganic gases, bacteriocins, silver metal, and others [2]. 
Nevertheless, the use of synthetic materials or chemicals as the antimicrobial agents in food packaging brought up 
concerns amongst consumers as well as environmental issues. Natural plant extract is predominantly safe alternative 
to improve antimicrobial property in food packaging such as LDPE film instead of using synthetic chemical [2-4]. 
Numerous natural ingredients in herbal extracts illustrated outstanding antimicrobial activity such as clove leaf oil 
(CL), sweet basil oil (SB) and cinnamon bark oil (CB) [4-10]. Major constituent of these essential oils (EOs) and 
their structure are shown in Table 1. Therefore, they were chosen to combine in the film to achieve antimicrobial 
activity of this food packaging. 
 Table 1. Chemical structure and description of EOs [10-12] 
Essential oil (EO) Important constituents Chemical structure of major constituent 
Clove leaf oil (CL) x Eugenol (85-90%) 
 
Eugenol 
Sweet basil oil (SB) x Linalool (40-50%) 
x Estragole (20-30%) 
 
Linalool 
Cinnamon bark oil (CB) x Cinnamaldehyde (60-75%) 
x Cinnamic acid (10-15%) 
 
Cinnamaldehyde 
 
Cinnamic acid 
Because essential oil can evaporate easily at ambient temperature so ethylene vinyl acetate (EVA) was mixed in 
LDPE to reduce evaporation rate of these EOs as shown in the study of Suppakul et. al. [13] Whereas Mistry Y.[14] 
studied of how to reduce loss of active antimicrobial agent during the manufacturing of LDPE film because 
solubility parameter of EVA is between LDPE and EOs as shown in table 2. EVA could partially adhere the EOs in 
the polymer matrix. 
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Table 2. Solubility parameter of LDPE, EVA, and major constituent of EOs [15-17] 
Material /chemical Solubility parameter (MPa1/2) 
LDPE 17.6 
EVA 20.9 
Eugenol 23.3  
Linalool 20.3 
Cinnamaldehyde 26.01 
 1 Cinnamaldehyde can mix with ethanol whose solubility parameter is 26.0 at any ratio [18,19]. 
The objective of this study is to study the composition effect of EVA in LDPE matrix on morphology and thermal 
property. Once the selected composition of EVA was chosen, the study of the impact of three EOs on retention in 
blended films, antimicrobial activity and spoilage behaviors on food would be thoroughly inspected. 
2. Experimental methods 
2.1 Materials 
Low density polyethylene (LDPE, Grade C150Y PETLIN) with MFI of 5.20 g/10 min was purchased from 
Global Connections PCL. Thailand. Ethylene vinyl acetate (EVA) with MFI of 2.9 g/10 min (190 oC, 2.16 kg.) was 
obtained from TPI Polene PCL. Thailand. Three essential oils (EOs) namely clove leaf oil (Syzygium aromaticum), 
sweet basil oil (Ocimum Basillium) and cinnamon bark oil (Cinnamomum Zeylamicum) whose important 
constituents and chemical structures are listed in table 1 and supplied by Chemipan Co., Ltd., Thailand. 
2.2 Compounding procedures 
LDPE incorporated with 0%, 2.5%, 10%, 20 %wt. EVA, and neat EVA were melt-compounded in a co-rotating 
twin screw extruder (SHJ-25, ENMACH) with a screw speed of 60 rpm. Because of air cooling, the temperatures 
along the extruder were ranged from 90 °C to 130 °C and 100 oC at die zone in order to prevent the loss of plant 
extract and remain low melt flow index in mixture. After that the extruded were removed from the twin screw 
extruder and were grinded to pellet. 
Likewise LDPE incorporated with 10%wt. EVA containing the 3 kinds of plant extract (0.5, 2 and 4% wt.) were 
prepared under the same conditions as the above paragraph which had no presence of any EO. 
2.3 Films preparation 
Films of 50±5 μm in thickness were prepared by blown film extruder. The temperature profile at every zone was 
180 °C with motor speed of 250 rpm. Once the films with EOs obtained, they must be kept in aluminum foil to 
minimize the loss of the antimicrobial agent by evaporation and stored at ambient temperature for 1 week before 
testing. 
2.4 Scanning Electron Microscopy (SEM) testing 
Morphology of the LDPE/EVA blends was examined using scanning electron microscopy method (SEM, 
CamScan, MX 2000, UK). The cryofractured surface of the LDPE/EVA blends was etched with xylene at 50 oC for 
6 h in order to remove EVA phase. The etched surface was gold sputtered and taken within a magnification of 
5000x. The LDPE/EVA films incorporated with 4% EOs had been fractured under liquid nitrogen before they were 
scanned within a magnification of 2000x. 
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2.5 Differential scanning calorimetry analysis (DSC) 
Thermal behavior of Neat LDPE, Neat EVA, and LDPE/EVA blends were studied by using a differential 
scanning calorimeter (DSC 1, Mettler Toledo) in a nitrogen condition at a heating rate of 10 oC/min and scanning 
temperature range from 20 oC to 200 oC. 
2.6 Quantification of EOs in LDPE-EVA films 
Five grams of film samples were extracted with 200 ml of ethanol by Soxhlet extraction for at least 18 h. The 
extract was characterized by UV-VIS spectrophotometer (Model V-550, Jasco international Co., Ltd., Japan). The 
actual concentration of EOs in the films was calculated from calibration curve for each EO. 
2.7 Antimicrobial activity of LDPE-EVA films 
The different types of the films as well as the film without EO (control film) were tested for their antibacterial 
ratio the selected microorganism E. coli (Gram-negative bacteria) and S.aureus (Gram-positive bacteria) by dynamic 
shake flask test method (ASTM E2149-10). Four grams of film samples were immersed in 50 ml of nutrient broth 
and subjected to sterilization by autoclave after that inoculated by an initial concentration of bacteria of 108 CFU/ml. 
The samples were incubated at 37oC for 24 h. The final concentration of CFU was determined by bacteria plate 
counting on plate count agar medium from 10-fold serial dilutions of the bacteria suspension. Finally evaluate 
bacterial survival and antibacterial ratio from equation 1 and 2 respectively. 
 Amount of bacteria in flask (CFU/ml) = 
 V
 DN u  (1) 
when N, D, and V are number of counted colony, dilution factor, and volume of bacterial suspension in plate 
count agar respectively. 
Antibacterial ratio (%) = 
A
 BA 
u  100 (2) 
when A and B are CFU per milliliter for the flask containing the film without EO and the flask containing the 
film with EO respectively. 
2.8 Time induced behavior on food evaluation 
Semicircle pieces of a tomato were tightly packed in films incorporated the highest concentration of EOs and 
control film also. The packaged pieces of tomato were stored at 10 oC in a refrigerator. Subsequently, they were 
photographed periodically to observe their rottenness. 
3. Results and discussion 
3.1 SEM analysis of the LDPE/EVA blended films 
In Fig.1, the SEM micrographs clearly indicate that every blend at any composition has two-phase morphology 
which signifies immiscibility of LDPE and EVA. The micrographs in Fig.1b and 1c revealed that the EVA phase 
(elliptical dark hole because of xylene etching) was uniformly distributed in the LDPE matrix when the EVA content 
was not more than 10%wt. Number of hole increased with increasing EVA content in the blend. Therefore, the EVA 
particles were well dispersed within the LDPE matrix within the range of 10% wt composition. However, in Fig. 1d, 
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Fig.1. The SEM micrographs at 5000x of LDPE/EVA blends: (a.) 100/0, (b.) 97.5/2.5, (c.) 90/10, and (d.) 80/20 
as the EVA content increased to 20 %wt, they accumulated and became larger which led to discrete phase. 
Furthermore, elliptical and elongated shape of EVA phase appeared when EVA phase was presented because of 
shear stress from film-blowing conditions. Our findings correlated to the study of Na B et.al in HDPE/EVA blends 
which shear stress were applied due to dynamic packing injection molding [20]. 
3.2 DSC analysis of LDPE/EVA blended films. 
 
 
Fig.2. DSC thermogram of neat LDPE, EVA and LDPE/EVA blended films 
Fig. 2 shows the DSC thermogram obtained for LDPE, EVA, and their blends. Both LDPE and EVA show a 
single endothermic peak with 107.70 oC and 85.99 oC respectively which represent the melting temperature of their 
crystalline phase.  For LDPE/EVA blended films at any given composition, two endothermic peaks corresponded to 
the melting point of LDPE and EVA phase, except 97.5/2.5 LDPE/EVA blended film. This could represent the 
immiscibility of the LDPE and EVA crystalline phases according to the previous study of Faker et al.[21]. However, 
the melting temperature of EVA for 97.5/2.5 LDPE/EVA does not appear obviously because of little content of 
EVA and its low enthalpy change. Moreover, appearance of the Tm of EVA in the region of initial melting of LDPE 
because of broad crystal size distribution [22] makes difficulty to detect. 
Even though the LDPE-EVA blended films are immiscible, ethylene sections in back bone chain of LDPE and 
EVA are compatible. Faker et al. discovered in the rheological and morphological of PE-rich blend [21]. Thus the 
blend with 10%wt. of EVA was chosen in the following study because of the morphology and thermal studies. 
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Furthermore, another reason to select EVA 10%wt. is that the blend containing 10%wt. of EVA retains more 
linalool than any other blend at any point in time [14]. 
3.3 SEM analysis of the films incorporated with EOs 
    
Fig. 3. The SEM micrographs of (a) LDPE/EVA film without EO and films incorporated with 4% of (b) CL (c) SB and (d) CB at 2000x 
Cross section of the LDPE/EVA film without EOs had smooth surface with a few lines of wrinkles because of 
cryofracture process as Fig. 3a. Whereas, grainy and porous surface was found on the LDPE/EVA films 
incorporated with EOs (Fig. 3b-d). The addition of any EOs might cause the discontinuous phase in polymer matrix. 
Additionally, the evaporation of EOs could lead to the appearances of porous surface. 
3.4 Residual concentration of EOs 
Table 2 refers to the solubility parameters of EVA, LDPE, and major constituent of EOs. Solubility parameter of  
EVA is  between  the  one  of  LDPE and  those  major constituent of EOs. Therefore, the LDPE/EVA copolymer 
was chosen to enhance the solubility and to ensure partial adhering of the EOs in the polymer matrix [13]. High 
polarity of vinyl acetate group in EVA would interact with EOs while ethylene group would be undoubtedly 
compatible with LDPE matrix. 
 
Fig.4. Actual concentration of EOs at different target concentration in LDPE-EVA films 
The post-processing retention of EOs at different target concentration in LDPE-EVA films is presented in Fig. 4. 
For each target concentration, the retention of clove leaf oil and sweet basil oil are found to be similar and 
considerably higher than cinnamon bark oil. Solubility of major constituents of EOs is in the same range. Cinnamic 
acid, the second constituent of CB, is comprised of carboxylic acid with strong hydrogen bonding. Its high polarity 
would reduce the compatibility in LDPE/EVA matrix and subsequently lead to less retention of CB. 
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3.5 Antimicrobial activity of the films with EOs 
 Table 3. Actual concentration and antimicrobial ratio against E. coli and S. aureus 
LDPE/EVA blended films with 
Concentration (%wt.) Antibacterial ratio (%) 
Target Actual S. aureus E. coli 
Clove leaf oil (CL) 
0.50 0.45 0 30.83 
2.00 1.40 44.86 72.50 
4.00 2.08 91.35 98.93 
Cinnamon bark oil (CB) 
0.50 0.26 0 31.67 
2.00 0.73 97.08 99.86 
4.00 1.16 99.99 99.99 
Sweet basil oil (SB) 
0.50 0.33 - - 
2.00 1.35 - - 
4.00 2.11 0 0 
Pure SB 0.2 ml 99.99 84.75 
Table 3 shows antibacterial ratio of LDPE/EVA film. At the target concentration 2% wt, the blended film 
incorporated with CB was found to be more effective against both microorganisms than the one incorporated with 
CL. In other words, the actual concentration of CB was at 0.73% wt was proved to be more congruency in term of 
antimicrobial activity than the one with CL of 1.40% wt. However, the film with SB did not reveal sufficient 
antimicrobial activity in spite of actual concentration of 2.11% wt. Pure sweet basil oil of 0.2 ml was conducted to 
prove the antimicrobial activity and found to be highly efficient as shown in Table 3. 
The antimicrobial activity is ranked in the order as the lipophilicity increase, for example, from a few carbons 
chain length to six carbons chain length and even more on the phenyl group of the side chain. [23] Theoretically, the 
lipophilicity of cinamaldehyde and eugenol would be more significant than the one of linalool in SB. 
It has been known that phenylpropene hydrocarbon such as cinnamaldehyde and monoterpene hydrocarbon such 
as linalool in these EOs are able to destroy cellular integrity. And therefore inhibit respiration and ion transport 
processes [24]. Moreover, it was concluded that LDPE/EVA film with CL and CB were more active against E.coli 
inhibition than S. aureus. 
3.6 Time induced behavior on food evaluation 
In order to verify the shelf-life expansion of food packaging made by the LDPE and EVA blended film with these 
EOs, four different set of packaging films, namely blended film without EOs (control film) and the film incorperated 
with CL, SB, CB would be used to pack a piece of sliced tomato. A series of visual inspection at different time line 
were photographically documented as shown in Table 4.   
The tomato in the control film started to spoil on the 20th day wheareas the ones packed in the film incorporated 
with EOs did not show any noticable sign of spoilage. After two months, the tomato packed in control film was 
covered with mold and fungi. Surprisingly, the ones packed in the films incorporated with any given EOs illustrated 
of the well-kept conditions. 
Thus these films could be modified for the usage of food packaging with its high potency candidate as the 
substrates against microorganisms. 
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Table 4. Visual analysis of tomato packed with LDPE+10% EVA films with and without EOs 
Tomato 
LDPE+10%EVA films 
Control film CL 4% SB 4% CB 4% 
Day 0 
 
Day 7 
Day 20 
Day 30 
Day 60 
 
4. Conclusions 
Morphology of LDPE-EVA blended films mixed in twin-screw extruder showed that the two compositions in 
blended films are discrete and immiscible. Moreover, the SEM micrographs showed better distribution of EVA 
phase in matrix when the composition of EVA was no more than 10%wt. From the DSC results, it confirmed that 
the two-polymer blended film were immiscible. 
The study of morphology of the films incorporated with EOs reveals rough and grainy surface because of 
discontinuous phase of polymer and evaporation of EOs. Residual concentration of EOs showed that different EOs 
could demonstrate different rate of volatilization. Solubility parameter is the main factor to be taken into 
consideration in term of residual concentration after processing. For the CB, its residual concentration is even 
noticeable  due  to its  polarity  different to the polymer backbone. 
In term of antimicrobial activity testing, the film incorporated with CB showed the best performance of inhibiting 
the growth of E. coli and S. aureus regardless of its low retention. Nonetheless, the relatively higher retention of 
EOs in the film with SB is incapable of resisting both microorganisms. Lastly, the modification of film with any 
EOs illustrated a well-maintained condition for tomatoes comparing to the ones packed in the film with no EOs even 
a long period of two months. Consequently, LDPE-EVA films incorporated with such EOs are practically suitable to 
use for food and agricultural product packaging. 
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